Introduction
cancer patients. Overall, 75-90% of patients with metastatic or advanced-stage cancer develop severe pain which significantly compromises their quality of life. 2 Metastatic bone pain or cancer-induced bone pain is a complex pain state often involving background pain, spontaneous pain and incidence or movementevoked pain. [3] [4] [5] The background pain is typically described as a dull continuous pain that increases in intensity as the disease is progressing and is generally treated fairly successfully with traditional analgesics. Therapeutically, the spontaneous and movementevoked pains are much more difficult to manage, and the treatment is often associated with intolerable adverse effects. 6 These types of pain are often referred to as breakthrough pain, as they are experienced as episodes of extreme pain breaking through the underlying level of background pain. In addition, they are often unpredictable, rapid in onset and short in duration. 3, 4 Besides the pain associated with the cancer itself, many patients also suffer from pain arising as a consequence of therapeutic interventions, such as surgery or chemotherapy. Overall, this means that the pain experienced by the patients is typically a synergy of nociceptive events, sometimes making it difficult to tease out the specific underlying mechanisms. In addition, most of the current analgesic therapies are based on non-cancer pain conditions, making them far from optimal for the treatment of cancer-associated pain.
One of the main reasons for the poor pharmacological targeting of cancer pain lies in the molecular complexity of the pain state. Cancer pain is regarded a mixed-mechanism pain state as it involves inflammatory, neuropathic and cancer-specific pain mechanisms. Currently, most of our knowledge about cancer pain is based on preclinical models of cancer-induced bone pain, which will, therefore, be the main focus of this review. Most animal models of cancer-induced bone pain are based on inoculation of cancer cells directly into the bone marrow of femur or tibia. 7 This has been the model of choice for studying cancer-associated pain as the cancer is restricted to single area that is easy to assess for pain behaviour evaluation, but also results in animals with a much better general health and with lower variability compared to models with systemic injections of cancer cells. Importantly, these models are also characterized by the same key mechanisms observed in the patients, including bone remodelling, pain and neurobiological changes in the periphery and at the level of the spinal cord.
Peripheral pain mechanisms
Cancer-induced bone pain involves a complex interplay of various peripheral mechanisms, adding to an alteration of the sensory impulses sent to the spinal cord, and causing a general state of hyperexcitability of the neurons in the dorsal horn. 8 Often inflammatory, neuropathic, ischaemic and cancer-specific mechanisms occur at the same time at the site of a tumour. 2, 9 As the tumour grows, inflammatory infiltration will occur due to tissue damage of the surrounding tissue and release of various cytokines and inflammatory and pain mediators from the cancer cells and from a potential necrotic centre in larger tumours. The tumour cells might also cause direct damage to the sensory nerves by infiltration or compression, or inducing remodelling in the local microenvironment causing hyperinnervation or denervation of the bone, or stretching of the densely innervated periosteum.
Although the mechanisms involved in driving and maintaining cancer pain are less understood than some of the more classical pain states, such as inflammatory/nociceptive or neuropathic pain, both cancerspecific mechanisms and mechanisms shared with inflammatory and neuropathic pain have been identified. 2 It is now recognized that the bone is supplied by a dense network of sensory and sympathetic neurons innervating the bone marrow, the mineralized part of the bone and the periosteum. [10] [11] [12] Retrograde labelling and functional studies have demonstrated that the size, neurochemistry and segmental distribution of these neurons play a role in the nociceptive processing to the spinal cord. 13 The dense innervation of the bone puts the neuronal network in close contact with the microenvironment of the bone, and it is, therefore, not surprising that changes in the bone homeostasis can affect and sensitize the peripheral terminals of the sensory and sympathetic neurons altering the impulses to the spinal cord. In normal bone homeostasis, remodelling of the bone is balanced between osteoclastinduced bone resorption and osteoblast-mediated bone formation. 14 However, under pathological conditions, such as tumour growth, the balance is shifted resulting in osteolytic (net resorption) or osteoblastic (net deposition) bone lesions or both. 15 Most metastatic cancer types cause an overall net resorption resulting in disruption of the microarchitecture, and hence a decrease in the strength and resistance to bending of the bone, eventually leading to an increased risk of fractures and sometimes a systemic state of hypercalcemia. 16 Besides a general weakening of the bone, the growth of the tumour cells also initiates a vicious circle of molecular events in the microenvironment of the bone driven by osteoclast activation. The tumour cells interrupt the normal balance of the RANK-RANKL (receptor activator of nuclear factor kappa-B-Receptor activator of nuclear factor kappa-B ligand) system by increasing the release of RANKL from tumour cells, tumour-associated T-cells and osteoblasts. 17, 18 The increased level of RANKL stimulates the proliferation and activation of osteoclasts by activation of the RANK receptor expressed on the osteoclast precursor cells. In addition, the tumour cells secrete parathyroid hormone-related protein (PTHrP) also increasing the release of RANKL through stimulation of the osteoblasts. The increased amount of RANKL results in an increased osteoclast-mediated bone resorption causing not only bone degradation but also a local acidosis that can sensitize the sensory neurons through activation of acid-sensitive ion channels, such as the transient receptor potential cation channel 1 (TRPV1) and the acid-sensing ion channel 3 (ASIC3). 19 In addition, some cancer cells have a lower pH than normal cells, potentially adding to the local acidosis. To complete the vicious circle, the increased bone resorption is associated with release of Ca 2+ and various growth factors, such as transforming growth factor beta (TGF-β) and insulin-like growth factor 1 (IGF1), overall stimulating additional growth of the tumour cells. Currently, the most effective treatment of pain associated with bone metastasis is based on an interruption of this vicious cycle, either by direct inhibition of the osteoclast activation or by decreasing the amount of free RANKL. In the clinic, bisphosphonates are now widely used to inhibit the osteoclastinduced bone resorption. The bisphosphonates bind to the bone and are taken up by the osteoclast by endocytosis as a part of the bone resorption. Once in the osteoclast, the bisphosphonates interfere with the normal metabolism of the cell, eventually leading to dysfunction and apoptosis. In both animal models and patients, bisphosphonates can effectively suppress bone resorption and alleviate pain. 20 And additional mode of action suggested to contribute to pain relief is the inhibition of the local acidosis otherwise produced by the bone-resorbing osteoclasts. Inhibiting the local acidosis might decrease some of the sensitization normally mediated through TRPV1 and ASIC3. Similarly, drugs such as osteoprotegerin and denosumab, which interfere with the RANK-RANKL binding and hence the osteoclast activation, have been demonstrated to effectively decrease bone resorption and bone pain in both animal models 21 and patients with different bone degenerative diseases including cancer-induced bone diseases. 22, 23 As mentioned, cancer-induced bone pain displays some of the characters observed in inflammatory pain conditions. The initial growth of the tumour and destruction of the surrounding tissue result in recruitment and infiltration of various inflammatory and immune cells such as macrophages, mast cells, neutrophils and T-lymphocytes, which eventually become part of the tumour-associated stromal cells together with endothelial cells and fibroblasts. These cells, in turn, release a number of growth factors, cytokines, interleukins, chemokines, prostanoids, endothelins, bradykinin, adenosine triphosphate (ATP) and so on of which several are speculated to contribute to the overall pain process by sensitizing or directly exciting the peripheral nerves. 2, 19, 24 Although non-steroidal anti-inflammatory drugs (NSAIDs) are routinely used in the clinic as a supplement to other stronger analgesics, the preclinical data are conflicting, and there is still a general lack of clinical data to support a significant effect in cancer pain. 2, 17, 25 The suggested additive effect of NSAIDs is likely to be associated with a reduced production of prostaglandins through inhibition of the cyclooxygenase (COX) pathway. 26, 27 Besides the cancer-associated and bone-associated pain, and the inflammatory component, an essential element in driving and maintaining cancer-induced bone pain is the peripheral nerves, especially the interface between the peripheral terminal and the local microenvironment in the bone. As mentioned, the bone is densely innervated by myelinated and unmyelinated sensory and sympathetic fibre. In healthy bones, the sensory and sympathetic fibres are normally not located in close proximity to each other; however, it has been demonstrated that the tumour cells can induce reorganization and sprouting of both fibre types, causing not only a general increase in the density of the fibres but also formation of neuromalike structures with an abnormal intermingling of the two fibre types. 28 The remodelling of the sensory and sympathetic fibres has been speculated to contribute to the generation of the spontaneous breakthrough episodes often observed in cancer patients, as similar neuroma-like structures have been demonstrated in other conditions characterized by spontaneous ectopic pain episodes, such as complex regional pain syndrome. 28, 29 The mechanism underlying the phenomenon is still not fully understood, but it has been suggested that the abnormal proximity of the sensory and sympathetic fibres facilitates excitation of the sensory neurons by release of various nociceptive factors from the sympathetic neurons. The reorganization of the sensory and sympathetic fibres is likely associated with increased release of nerve growth factor (NGF) for the tumour and tumour-associated cells. JimenezAndrade et al. 30 have demonstrated that preventive or late administration of anti-NGF can attenuate both sprouting and neuroma-like formations in mice, and also decrease the nociceptive behaviour without affecting the bone destruction or tumour growth. NGF has been demonstrated to have various pronociceptive actions in addition to remodelling of the peripheral nerve fibres. Through a series of intracellular signal pathways, NGF can both increase the expression on TRPV1 on the sensory nerves and sensitize the channel by phosphorylation. 31 In addition, NGF and its receptor, neurotrophic tyrosine kinase receptor type 1 (TrkA), can form a complex that can be transported retrograde from the peripheral terminals to the cell body located in dorsal root ganglion (DRG), where it can initialize synthesis of neurotransmitters (substance P and calcitonin gene-related peptide), expression of receptor and channels (bradykinin receptor, P2X3, TRPV1, ASIC3 and sodium channels), transcription factors (Activating Transcription Factor 3 (ATF-3)) and structural molecules (neurofilaments and sodium-channel-anchoring molecule p11). 32 Furthermore, NGF has been suggested to modulate trafficking and expression of voltage-gated sodium channel (Nav) 1.8 and TRPV1. 33, 34 Tanezumab, a monoclonal anti-NGF, has been successfully tested in clinic in the treatment of patients with osteoarthritis and lower back pain but was discontinued due to side-effect concerns. 35, 36 However, anti-NGF might still be a potential treatment and palliation of cancer patients.
Various receptors and ion channels located on the peripheral nerves have been targeted in an attempt to understand and potentially treat cancer-induced bone pain. Channels that are highly expressed on the peripheral sensory neurons, either at the peripheral terminal or at the cells body, have been closely studied. These receptors, such as the P2X3 receptor 37, 38 and TRPV1 receptor, 39 have an effect on the overall pain behaviour; however, a recent study has demonstrated that we might have to think beyond the traditional classification of nociceptive neurons and sensory processing to effectively target cancer-induced bone pain. 40 Traditionally, the nociceptors have been classified based on expression of specific ion channels and receptors, such as the Nav1.7 and Nav1.8, and it is generally accepted that more than 90% of the nociceptors express Nav1.8. However, in the study by Minett et al., 40 it was demonstrated that the normal function of the Nav1.7-and Nav1.8-positive neurons was not critical for the development of pain behaviour in a mouse model of cancerinduced bone pain despite the fact that these Navs are highly essential for many other pain phenotypes. This also adds to the understanding of cancer-induced bone pain as a separate pain state, clearly highlighting that although some mechanisms are important for neuropathic, inflammatory and cancer-induced bone pain, some of the processing of the signal is also, at least partly, processed through completely different mechanisms in cancer-induced bone pain. This might be one of the key elements in understanding why the traditional analgesic therapies are failing in effectively treating cancer patients with metastatic bone pain.
Spinal events
Given the knowledge of the peripheral events in cancer pain, there are a number of potential targets for therapy, but another approach would be to modulate the central transmission of the painful messages, where the mechanisms of pain may be more common than the clearly different events behind tissue and nerve damage. Over time, the mouse models were validated further with the description of cancer-induced bone pain in different species, and the injection of mammary gland carcinoma cells into the tibia of rats, which resulted in astrocyte hypertrophy, progressive bone destruction and pain behaviour similar to the original mouse models, 41 which now provided the opportunity to measure neuronal activity at the level of the spinal cord in this species. The spinal cord is not only the first relay for incoming pain messages but also where central hyperexcitability is first established and where descending controls from the brain further act to change the level of excitability at these first relays. It is also a key site for opioid modulation of pain. Finally, the spinal cord sends ascending projections to the brain, both sensory areas and affective areas, hence being key to the establishment of the activity that will lead to the individual pain experience.
Clear changes are seen in the responses of the spinal cord neurons indicative of a hyperexcitability 17 in agreement with the idea of an ongoing central sensitization. 42 An important point is that the recording of sensory neurons allows the application of suprathreshold stimuli, unlike behaviour, that measures the threshold, so that the former enable the quantification of responses to high-intensity stimuli, and so allow the study of the underlying events that equate to the moderate to severe pains experienced by patients. These alterations are not the same as those seen in models of neuropathy or inflammation, supporting the concept of a unique pain state. Spinal neurons project in two main pathways. Projections run to the thalamus and then the cortex, providing information on the quality and location of the stimulus. Another pathway supplies the limbic brain via the parabrachial nucleus and so leads to the affective components of pain. 43 We have recently recorded from both populations of neurons and compared the coding of the spinal neurons to a selective heat stimulus and varied the area of skin stimulated. We then used the same stimulus in human psychophysics and recorded the electrocardiogram as well. The deep dorsal horn wide dynamic range (WDR) neurons, responding across the range of innocuous to noxious stimuli, coded the stimuli in perfect accord with the human pain experience, and the nociceptive-specific (NS) neurons, coded too, but were less well coded. 44 Thus, we can be confident that these neuronal responses can inform on human pain processing.
Recording in the superficial dorsal horn, compared to controls, cancer-induced bone pain leads to a greater proportion of WDR neurons which also showed hyperexcitable responses to mechanical, thermal and electrical stimuli. This spinal lamina mainly projects to those brain areas involved in the affective component of pain, and hence the conclusion could be that there will be increased disruption of normal function that could lead to anxiety, depression and sleep problems seen in patients as well as a de novo ability of lowthreshold inputs to be distressing. 45 This change in neuronal populations has not yet been in other pain models but was confirmed in a murine model. 46 Furthermore, the catalogue of neuronal changes had very similar time-courses to the gradual development of pain behaviour, 47 suggesting a causal relationship between the measures.
A key link between the periphery and the central nervous system is the ability of calcium channels to open in response to action potentials in peripheral nerves and release transmitters such as glutamate and substance P on to receptors on spinal neurons, hence passing the pain messages on to the brain. The drugs gabapentin (GBP) and pregabalin (PGB) are effective in pain patients, mainly those with neuropathic pain, and modulate the activity of calcium channels. They do so by binding to the alpha-2 delta subunit of the channel and hence chronic GBP or PGB prevents the channel from being moved to its active site on the membrane where the transmitter is released. 48 The subunit is upregulated after nerve injury so that the drugs have statedependent effects. In the model of cancer-induced bone pain, researchers have reported that chronic treatment with GBP was able to reduce pain behaviour and, moreover, attenuated the hyperexcitable dorsal horn responses. 47 Behavioural effects of GBP have also been seen in the mouse models on both ongoing and movement-evoked pains. 49 Overall, the results suggest that abnormal transmitter release is an early stage in the subsequent spinal changes. This will include glutamate and one of its receptors, the N-methyl-d-aspartate (NMDA) receptor, has been widely implicated in neuronal excitability. Recent studies (Patel and Dickenson, unpublished) have shown the ability of low doses of systemic ketamine, the NMDA receptor blocker, to inhibit the responses of spinal WDR neurons in the model of cancer-induced bone pain, indicative of an intrinsic spinal hyperexcitabilty being driven by the NMDA receptor for glutamate, crucial to the induction of wind-up in these spinal neurons. The doses required were lower than those needed in control animals, suggesting that the spinal excitability is enhanced after cancer and forms a mechanistic basis for the use of ketamine in cancer pain patients.
The treatment with GBP also restored the neuronal population plasticity back towards the normal state and reset the neuronal populations, but when the treatment terminated, the abnormal state returned. This is not surprising since these agents are not able to change the peripheral events but are able to modulate the central consequences.
Since the spinal neurons project to the brain, in particular, the lamina I cells will impact upon descending controls that arise from altered amygdala, central grey and brainstem connectivity driven by the affective component of pain. Changes in peripheral and spinal signalling have impact on the processing of pain by the brain. A key system relaying in the rostroventral medulla (RVM) is a facilitatory 5-hydroxytryptamine (5-HT) drive, mediated by spinal 5-HT 3 receptors, that enhances both mechanical and thermal nociceptive transmission and allows WDR to produce a faithful coding of inputs. 50 We have reported enhancement of this system in cancer pain so that natural-evoked spinal neuronal responses in cancer animals are elevated by this descending pathway. 51 As in other models of various pain states, this RVM-generated 5-HT 3 descending pathway is not critical for the induction of the pain state but becomes active as the pain persists and so is important to the maintenance rather than the generation of chronic pain. 52, 53 This would equate with the delayed appearance of co-morbidities too, as the limbic brain and descending pathways are slowly re-organized by the persistent pain messages.
The pharmacological events described so far act to attenuate excitability. As the World Health Organization (WHO) ladder suggests, opioids are the mainstay of treatment. Here, the ability of opioids to produce pain control is based on their actions to inhibit transmission of pain messages by activation of the opioid receptors. These are situated at key sites along the pain pathways with high numbers found at the level of the spinal cord. Most clinically used opioids act through the mu opioid receptor (MOR) and hence have actions that are similar although the pharmacokinetic profiles of different drugs are not the same. There are much positive data on opioids in the animal models 41, [54] [55] [56] [57] although some studies found a reduced efficacy of acute systemic morphine than in inflammatory models. 54 Furthermore, as in the clinic where incident pain needs high doses of opioids, acute opioid administration required elevated doses to modulate pain behaviour. 58, 59 However, the guidelines suggest the use of prolonged release opioids and so a caveat with the above animal studies was the use of acute dosing.
We have, therefore, employed the chronic dosing of morphine over time, 55 and here the drug was effective. Cancer-induced bone pain prior to the final morphine injection was still significantly lower than in cancer animals receiving saline injections. As with GBP, the superficial dorsal horn neurons in morphine chronically treated animals had a reduced hyperexcitability although the altered phenotype of NS:WDR persisted.
Opioid-induced hyperalgesia
In the United Kingdom alone, 300,000 people are diagnosed with cancer every year and two-thirds of those will experience pain that requires a strong opioid. While morphine remains the 'gold-standard' analgesic, the chronic consumption of opioids does not only produce analgesia but can be associated with worsening paradoxical pain sensations; this is the so-called phenomenon of opioid-induced hyperalgesia (OIH). The clinical reality of OIH continues to prompt debate, but as early as the 19th century, it was recognized that the potency of opioid treatment could be limited according to the time required for use. Defined as the need for increasingly high levels of opioids to maintain pain inhibition after repeated drug exposure, clinicians face an ongoing problem when arguing in favour of a dichotomy between OIH and opioid tolerance, although the preclinical and clinical evidence dissociating these two distinct phenomena is mounting. 60 Animal studies demonstrating neuroadaptive alterations in the pain modulatory circuitry following chronic opioid treatment are plentiful and reliable. Data detailing changes in the central glutaminergic system, spinal dynorphin content and descending facilitations provide a compelling dossier of changes to neuronal mechanisms that underlie this particular pain state. There is an enhanced response of spinal neurons to nociceptive neurotransmitters in rodent models of OIH and evidence of increased neuronal excitability in the deep dorsal horn of the spinal cord extends to colonic distension. 61 While the endogenous opioid system is not believed to modulate at least high-dose OIH, the involvement of the NMDA receptor system is indisputable. Previously, morphine-evoked nociceptive behavioural responses in mice were not reversed by pretreatment with naloxone. Instead, dose-dependent inhibition was achieved using intrathecal administration of NMDA receptor antagonist or NMDA ion channel blocker. 62 Translating research from bench to clinic, and corroborating animal model and patient case data regarding OIH, is crucial. Reassuringly, a recent study showed that naloxone did not reverse the hyperalgesia experienced by healthy human volunteers who were briefly exposed to remifentanil. 63 Although it is true that these findings can only be related to high-dose acute opioid exposure, it is pertinent to note that the human study substantiated the findings of the earlier animal study mentioned. Similarly, perioperative administration of NMDA receptor antagonist ketamine is associated with lower post-operative pain scores and less opioid requirement in patients undergoing major lumbar spine surgery. 64 This ties in neatly with studies that highlight the therapeutic potential of methadone, an opioid receptor agonist and NMDA receptor antagonist, against the problem of OIH. A single intraoperative bolus of methadone, as opposed to continuous sufentanil infusion, reduced post-operative opioid requirement in patients by almost 50% both 48 hours and 72 hours after complex spinal surgery. Pain scores were also significantly lowered in this patient group who, by the very definition of their chronic pain problem, were controlling preoperative pain with opioid analgesics. The authors of the study recognized that their chances of developing hyperalgesia were thus enhanced and so the use of methadone offered a unique alternative treatment. 65 Methadone is a key player in emerging therapies being offered to reverse or reduce the risk of patients developing the paradoxical pain sensations associated with chronic morphine exposure, and opioid switching is becoming an increasingly accepted practice. Previously, a study outlined details of patients admitted to an acute pain and palliative care unit on an emergency basis who underwent immediate and rapid titration with intravenous morphine. After a subset of patients developed OIH, switching and re-titrating to intravenous methadone was shown to achieve a stable analgesic response in those susceptible individuals. 66 Interestingly, in this study, patient pain was only scored using the numerical scale, and this is relevant for those patients who did not report worsening pain with intravenous morphine. Opioid addicts have an altered sensitivity to pain which is modality dependent, and in particular, their threshold for thermal pain is lowered. The percentage of patients with severe pain who developed OIH in the Mercadante study could have been higher simply because this modality was not tested.
Prospective clinical studies have reported increased post-operative pain in patients following increased perioperative opioid use. But whether or not acute intraoperative opioid exposure contributes to the development of OIH remains a debatable topic since Cortinez and colleagues reported no increased postoperative pain or post-operative opioid consumption in patients receiving intraoperative remifentanil during elective gynaecological surgery. 67 These contradictory reports could be to do with dosing, however, because patients in the latter study had lower total intraoperative opioid exposure. 61 By combining the findings of animal studies investigating the central changes that must occur in order for hyperalgesia to manifest following chronic opioid treatment and the findings of patient studies investigating the prevalence of OIH and its characteristics, the use of morphine and other strong opioids in the clinic can be optimized. Combination therapies are believed to be an efficient way to tackle OIH. Following spinal infusion of opioid agonist and chronic opioid exposure, the characteristics most commonly associated with neuropathy including spinal cord hypersensitivity, thermal hyperalgesia, increased spinal dynorphin content and opioid tolerance are observed in rats in the absence of peripheral pathology. Pregabalin, indicated for neuropathic pain, reduces neuronal hyperexcitability and visceral hypersensitivity following chronic morphine exposure in rats. Theoretically, pregabalin could offer a viable combination-therapy for patients suffering from OIH. This links to a very recent clinical study that showed a single preoperative dose of pregabalin in patients undergoing urological surgery attenuated the increased hyperalgesia, increased pain intensity and increased area of hyperalgesia otherwise experienced in these patients following high-dose remifentanil. 68 The premise that enhanced functionality at 5-HT 3 receptors may be a contributory underlying mechanism in OIH is supported by many publications. Descending serotonergic circuits play a key role at spinal levels in regulating the therapeutic actions of pregabalin, and there is a reciprocity between the monoamines, 5-HT and noradrenaline. Dexmedetomidine, an alpha-2 adrenoceptor agonist, is shown to have an anti-hyperalgesic effect in patients undergoing laparoscopic surgery with high-dose remifentanil anesthesia. 68 Ultimately, an ever-increasing number of studies published on those drugs that modify the OIH phenotype in animal models, as well as clinical data detailing the positive effects of combination therapies alongside opioid treatment, not only lend weight to those clinicians who recognize OIH as a real and debilitating pain state but also have great clinical implications. Indeed, the use of combinations has recently been reviewed, 69 and the issue is attempting to increase the pain control by targeting of two mechanisms. Alternatively, better tolerability might be achieved by allowing lower doses of two drugs. In patients and in animals, here is a positive action between morphine and GBP when combined. 70, 71 There may be further benefits if, as suggested above, gabapentinoids are able to mitigate against OIH. Much further research is needed. Interestingly, tapentadol is a novel drug with a combination of pharmacological effects within a single molecule. The drug has been demonstrated to treat effectively both acute and chronic pain, both in animal models and in patients and is also effective on mixed pains, namely, low-back pain and, importantly, in cancer pain patients. 72, 73 The drug acts by stimulating inhibitory MOR and mediating noradrenaline reuptake inhibition (NRI) leading to activation of the inhibitory alpha-2 adrenoceptor at spinal levels. These dual actions produce effective analgesia but with a reduced opioid load tolerability. We have demonstrated efficacy in a model of cancer-induced bone pain. 74 Finally, reducing the tumour load will decrease the peripheral drives to the central pain signalling systems and there clearly is a place for interventional approaches, either by nerve block or by spinal delivery of agents. In the latter case, the ability to deliver high local doses of suitable agents could reduce pain while reducing side-effects. Based on targeted selective pharmacological ablation of key spinal cord pain transmitting neurons, 50 a recent proof of concept in dogs with cancer-induced bone pain 75 has led to a current trial NCT02036281 in terminal cancer pain patients.
The future looks hopeful since the animal models are providing mechanistic insights into the unique events that underlie cancer pain. They appear to translate to the patient and hence back-and forwardtranslation will help the patient. A number of novel targets have been identified that could lead to better therapies. The important issue that bedevils all pain states is how to find mechanisms in patients to guide therapy that could address the mechanisms? In other pains, the sensory phenotype of the patient is being addressed by sensory testing, questionnaires and descriptors, 71, 76 and these approaches could be applied in cancer pain.
